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HISAO OGAWA, MD, KIYOTAKA KUGIYAMA, MD, NARITSUGU SAKAINO, MD,
HIROSHIGE YAMABE, MD, ETSUO MORITA, MD
Ksmamota City. Kumnnmte . Japan
The epicardial coronary artery of patients with variant angina is
hyperreactive to the constrictive effect of acetylcholine, but it is
not known whether the coronary microvasculature also constricts
in response to acetylcholine. Incremental doses of acetylcholine
were injected into the left coronary artery of 57 patients with
variant angina and with spasm in this artery. By measuring
coronary sinus blood flow, coronary hemodynamic status just
before angiographic documentation of spasm was examined .
Acetylcholine induced spasm in the left coronary artery in all
patients. It also decreased the diameter of the nonspasm artery by
36 ± 19% from baseline . For all patients, coronary sinus blood
flow was 89 ± 3S ml/min at baseline and increased to
104
±
61 ml/min during an acetylcholine-induced anginal attack (p <
Variant angina is caused by an absolute reduction in regional
myocardial blood flow due to spasm of an epicardial coro-
nary artery (1,2) . Coronary blood flow has been demon-
strated to decrease before a spontaneous ischemic attack in
patients with variant angina (3 .4).
Administration of er-
gonovine mateate. which is frequently used as a provocative
test for coronary spasm in studies of the pathogenesis of
angina pectoris (5-7) . has been shown to cause a reduction in
both total and regional coronary blood flow during the
induced attack in patients with variant angina (8 .9) .
We have shown (10,11) that acetylcholine . an endo-
thelium-dependent vasodilator, induces spasm of an epicar-
dial coronary artery in >90% of patients with variant angina
but not in patients without angina at rest and without
significant coronary artery disease
. In patients with variant
angina, therefore, the epicardial coronary vascular endothe-
lium, seems to be impaired or the coronary vascular smooth
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0.01) . In 10 patients with spasm in both the left anterior descenA•
ing and left circumflex arteries (that is, multivessel spasm),
coronary sinus blood flow decreased from 84 a 21 to 52 A
26 mUmin (p < 0.01). In the other 47 patients with spasm In only
one of these two arteries (that is, single-vessel spasm), coronary
sinus blood flow increased from 90 ± 41 to 115 ± 61 ml/min (p <
0.01) without change In the rate-pressure product .
It is concluded that in patients with variant angina, acetylchn .
line induces spasm and constriction in the epicardial coronary
artery, whereas it dilates the resistance vessels presumably
through the release of the endothelium-dependent relaxing factor .
(.1 Am Coll Cardiol 1992
;19
:1426-34)
muscle is hyperreactive to a vasoconstricting effect of ace-
tylcholine, or both . However, we have also shown (12) that
acetylcholine causes a significant increase in the coronary
blood flow in humans with normal or nearly normal coronary
arteriograms, and this finding suggests that acetylcholine
induces vasodilation in the coronary resistance vessels,
presumably by releasing the endothelium-derived relaxing
factor. Other investigators (13-15) have subsequently re-
ported a similar finding . It is not known, however, whether
the coronary resistance vessels of patients with variant
angina dilate in response to acetylcholine. In the present
study . the effects of acetylcholine on coronary hemodynam-
ics were examined by measuring coronary sinus blood flow
in patients with variant angina and spasm in the left coronary
artery .
Methods
Study patients. The study group comprised 57 patients
with variant angina in whom spasm of the left coronary
artery (that is, total or subtotal occlusion or severe constric-
tion associated with ischemic electrocardiographic [ECG]
changes or chest pain . or both) was induced with intracoro-
nary injection of acetylcholine . There were 52 men and 5
women with a mean age of 56 years (range 38 to 77). All
patients showed transient ST segment elevation on the ECG
0735.1097192JsSJID
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Table 1. Clinical and Angiographic Characteristics of 10 Patients
in the Multivessel Spasm Group
Silesof coronary spasm (numbers in parentheses) and fixed sienosis in the
left coronary artery (LCA) after nitroglycerin
; 561oSt3 refer to the segments
of the coronary arteries as defined by the American Heart Association (AHA)
committee sepo0 . A reporting system on patients evaluated for coronary
artery disease. Circulation 197531 :5-40 . Ach = acetylcholine: F = female:
LAD = left anterior descending coronary artery : LCx = left circumflex
coronory, artery: M = male: Pt = patient.
during a spontaneous episode of angina or during an angina)
attack induced by hyperventilation or treadmill exercise
testing, or both . They had a mean serum cholesterol level of
191 ± 36 mgldl (range 115 to 280) ; only two patients had a
level >250 mg/dI. The coronary arteriographic findings after
administration of nitroglycerin (0 .3
mg) are shown in Tables
I and 2 .
In another group of 10 control patients without angina
pectoris
and with normal coronary arteriograms or minimal
coronary artery disease
(±25% stenosis of lumen diameter),
the time course of the effect of intracoronary injection of
acetylcholine on coronary sinus blood flow was studied
. This
control group comprised nine men and one woman with a
mean age of 53 years. These patients underwent diagnostic
cardiac catheterization for the evaluation of atypical chest
pain (nine patients) or abnormal, inverted T waves on the
ECG (one patient).
All antianginal drugs were withdrawn at least
3 days
before the study except sublingual nitroglycerin, which was
also withdrawn 6 h before the study . No patient had conges-
tive heart failure, allergy, active peptic ulcer, chronic ob-
structive lung disease or any other serious disease
. Written
informed consent was obtained from all patients before the
study. The study was in agreement with the guidelines
approved by the ethics committee at our institution .
Table 2
. Clinical and Angiographic Characteristics of 47 Patients
in the Single-Vessel Spasm Group
Footnote and abbreviations as in Table I .
Cardiac alheteriaton. The study was performed in the
morning while the patients were in the fasting state .
A 7F
therntodilution coronary blood flow catheter (CCS-7U-90B,
Webster) was positioned in the coronary sinus by way
ofthe
right antecubital vein
. The catheter position was determined
by injection ofa small volume of contrast medium (Hexabrix
PI
No.
Age f3r)l
Gemer
ACh
Dose
(pg)
Site and Degree
ofCaronarySpasm
% Stenos is in
LCA Afmr
Nitroglycerin
I 46)M 50 LAD 161. total occlusion Normal
2
691M 20
LCn( 1), total occlusion
LAD (6)
.
total occlusion S6257,
3 501M 20
LCxIII). lots) occlusion
LAD (6), total occlusion Normal
4 571M 20
LCx(III. total occlusion
LAD (6), subtotal occlusion Normal
5 651M 50
LCx(13). total occlusion
LAD 17) . total occlusion
subtotal occlusion
S7 90% . SI 1 50%
LCx(13),
6 5 /M 20 LAD (6), total occlusion
S6 25%, Sl3 25%
7 671M 100
LCx(12) . total occlusion
LAD (7). total occlusion S7 25% . 512 25 -,
S
52117
100
LCx02), subtotal occlusion
LAD (7), subtotal occlusion S6 50%. S7 50%
9 481M 50
LCx(12), subtotal occlusion
LAD (9) . total occlusion Normal
10 501M 50
LCxlll).Iota occlusion
LAD (9), total occlusion S625 1/
LCx(13) . total occlusion
Pt
No .
Age l yr`I
Gender
ACh
Dose
lgg)
Site and Degree
of Coronary Spasm
% Stenosis in
LCA After
Nitroglycerin
I I 90% 100 1 AD (6), total occlusion Normal
(2 561M 50 LAD (6). total occlusion Normal
(3 51/M 50 LAD 161
.
total occlusion 5650 0
14 721M 50 LAD (6), total occlusion S6 Wk, Sl1 25%
15 41/M 20 LAD (7), total occlusion S725%
I6 491F 100 LAD (71. subtotal occlusion Normal
17 59/M 50 LAD (6). subtotal waist/ ..^ 51325%
18 591M 50 LAD It!. Iota! mclasiou S775%
19 54161 50 LAD (61
. subaal occlusion S6 75%. S13 50%
70 58161 101 LAD
(71,
total occlusion S7SU%
21 45IM 50 LAD (6), suboul occlusion S6 25%, Sl1 25%
22 59/F 100 LAD (7). total occlusion 97 9n/c
23 49/M 100 LAD (7). total occlusion S790%
24 481M 100 LAD 171. Imal occlusion S7 25%
25 521M 100 LAD 161 . tool occlusion S690%
26 46/51 100 LAD (71. subtotal occlusion
27 45IM I0) LAD (6). subtotal mclusnon Normal
28 401M 100 LAD (7), subtotal occlusion Normal
29 551M 20 LAD (7), total occlusion S725%
30 631F 100 LAD(6)
.total mdnsinn
S6 W7
31 63/M
50 LAD 171. total allusion
S775%
32 43/M 20 LAD (6), tool ocdusian 5725%
33 55/M 20 LAD (7),
ta101 occbaian 57 25%, 51125%
34 65/M 50 LAD (7) . subtotal occlusion S750%
35 61JM 20
LAD (7), total occbsion 5790%
36
541M 50 LAD (7), total aahaion 9775%
37
61M 50
LAD
. diffiuseconsalemn Normal
38 68101 50 LAD, diffuse wmldclion Normal
39 57/M 100 LAD, diffoseconeadclitm Normal
40 SKIM (00 LAD,d4luseconstriction Normal
41 641F
100 LAD, dMhse constriction Normal
42 611M 100 LAD, douse connmicliar
S750%
43 62/M 100 LAD, diffuse constriction
S625%
44
571M 50 LAD, diffise constriction Named
45 6NM 100
LAD, diffuse ce atrictiwr S7 50%
46 421M
50 LAD (9), total eabrsian Normal
47 SO/M 50
LAD (9),
total o Fusion Normal
48 (6M 20 LAD (9), subleud occlusion Normal
49 641M A0 LAD (9) . subtotal occlusion
5975%
50 49/M 50
LAD (9), subtotal occlusion Normal
51 561M 100 LCx(11). sablolnt %elusion
Nontal
52 701M 50
LCx(13), total mcclusiom Sot 50%, 51125%
53 77/M Ion LCxlll,subtotal occlusion S750%,S1375%
54 Solid Ion LCx(lD,road melusioa 5725%,51150%
55 62/M 100 LCa(ID,land allusion 51325%
56 621M 50 LCx(I3Ltotal occlusion 51350%
57 601M 50 LCx(13), total occlusion 5725%
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320), and stable catheter position was confirmed by fluoros-
copy during the procedure . A 6F Goodale-Lubin catheter
(USCI) for blood sampling was also inserted from the right
antecubital or right subclavian vein and positioned in the
coronary sinus in the same way . Coronary arteriography was
performed with the Sones technique, and control coronary
arteriograms of the left coronary aver; in the right anterior
oblique projection and of the right coronary artery in the left
anterior oblique projection were taken . Relations between
the focal spot, the patient and the height of image tube were
kept constant . A tripolar electrode catheter 1USCp was
inserted into the right ventricular apex by way of the femoral
vein and connected to a temporary pacemaker set at a rate of
40 to 50 beats/min . Three ECG leads (1, aVF and V 3 or V0
,
and arterial blood pressure were continuously monitored on
an oscilloscope during the study
. Six ECG leads (1. 11, aVF,
V, Vr and V,) were continuously recorded, and 12 ECG
leads were recorded at appropriate intervals .
Coronary sinus blood flour was determined by the injec-
tion of nonheparinized normal saline solution through the
thennodilution catheter with a constant infusion pump at a
rate of 36 ml/min and calculated with use of a Thermo Flow
RF (Good Man) (16) . The flow curve was recorded on
oscillographic paper, along with three ECG leads and arterial
pressure.
Blood samples for plasma lactate
conceniralion were
collected from the aortic root and coronary sinus, placed in
chilled glass tubes containing ethylenediaminc tetrancetic
acid (EDTA)-2Na solution and centrifuged at 4C ; the
plasma was then separated
. The plasma lactate concentra-
don was determined by an enzymatic method using Deter-
miner LA (Kyowa Medex) .
Study Protocol
Control patients . After measurement of baseline aortic
pressure, heart rate and coronary sinus blood flow, 100 peg of
acetylcholine was injected into the left coronary artery for
20 s, and the same measurement was repeated every minute
for5 min . The same dose of acetylcholine was again injected
into the left coronary artery, and the left coronary arterio-
gram was taken I min after acetylcholine injection .
Patients with variant angina group. After measurement of
baseline aortic pressure. heart rate and coronary sinus blood
flow, incremental doses of acetylcholine (20, 50 and 100 µg)
were injected into the left coronary artery until coronary
spasm was induced or the maximal dose (100 Jig) was
reached (10.11) . The injection
of each dose of acetylcholine
was performed far 20 s, and the time interval between each
injection was 5 min. Sixty to 70 s after initiation of the
injection of
each dose of acetylcholine (that is, 40 to 50 s
after completion of
the injection), aortic pressure, heart rate
and coronary sinus blood flow were measured, and then the
left coronary arteriogram was taken. The timing
of the
measurement
of coronary sinus blood flow after acetylcho-
line injection was determined on the basis
of our previous
JACC VoL 19. No . 7
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Figure 1 . Time course of the changes in coronary sinus blood flow,
heart vale and mean blood pressure (BP) after injection of IW
kg
of
acetylcholine )ACh) in ID control subjects . Comnary sinus blood
flow increased after acetylcholine injection and reached its peak
I min after the injection : neither heart late nor mean blood pressure
charged after the injection.
observation (10,11) that coronary spasm was induced I min
after completion of acetylcholine injection in most patients
with variant angina and on the present observation in control
patients that the maximal increase in coronary sinus blood
flow after acetylcholine injection occurred I min after initi-
ation of the injection (Fig . 1).
When spasm of the left coronary artery was confirmed by
arteriography . blood samples were collected from the aortic
root and coronary sinus for measurement of myocardial
lactate extraction ratio
. When spasm induced in the left
coronary artery resolved spontaneously without use of ni-
troglycerin, incremental doses of acetylcholine (20 and
50 pug) were then injected into the right coronary artery in the
same way
. When induced coronary spasm did not resolve
spontaneously within 5 min or angina) chest pain persisted
for >2 min or hemodynamic instability due to ischemia
developed, 100 to 200 pg of nitroglycerin was injected into
the coronary artery involved. In all patients, the arterio-
grams of the left and right coronary arteries were taken from
multiple projections after administration of nitroglycerin .
Quantitative coronary arteriography . To assess the
change in coronary artery lumen diameter after injection of
acetylcholine, the lumen diameter was measured before and
after acetylcholine with the use of
a computer-assisted
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coronary angiography analysis system . End-diastolic cine-
films were videodigitized and stored in the cardiac image
analysis system (Cardio 500, Kontron Instruments) . Auto-
mated contour detection was performed by a geometric edge
differentiation technique similar to that described by Reiber
et al . (17). Details of the method of quantitative coronary
angiography were described in our previous study (l8), and
the technique was validated. The overall accuracy and
precision of this method were 2 .2 ± 3 .3% and 4 .6 ± 2.5%,
respectively.
Measurements were performed by two investigators.
Whenever they considered a segment of the automatically
detected contour to be inaccurate, they discussed the proper
positions and corrected them accordingly by interacting with
the cursor . Analysis of intro- and interobserver variability
for the measurement of lumen diameter showed high repro-
ducibility (r = 0 .99, SEE = 0.05 mm, p < 0.001 and r = 0.99,
SEE = 0.04 mm, p < 0.001, respectively) . Diameter was
measured at the midsegments of the left anterior descending
and left circumflex arteries in the control subjects and at the
site of greatest change in diameter after acetylcholine injec-
tion in patients with variant angina.
Calculation and data analysis . Coronary vascular resis-
tance (mm Hg
-
min per liter) was calculated as Mean aortic
blood pressure x 1,000/Coronary sinus blood flow. Rate-
pressure product (mm Hg • beats/min) was calculated as
Heart rate x Systolic blood pressure . Myocardial lactate
extraction ratio (%) was calculated as 100 x (Arterial lactate
concentration - Coronary sinus lactate concentration)/
Arterial lactate concentration .
All data are shown as mean values ± I SD. The time
course of the changes in aortic pressure, heart rate and
coronary sinus blood flow after acetylcholine injection in the
control patients was statistically analyzed with an analysis of
variance with a subsequent analysis using Bonferroai i test .
The hemodynaodc variables and coronary sinus blood flow
before and after acetylcholine injection in patients with
variant angina were compared with a paired t test. The
patients with variant angina were classified into those with
multivessel coronary spasm and those with single-vessel
spasm . The changes in the coronary and systemic hemody-
namic variables after acetylcholine injection were compared
among these two groups and control patients with an analy-
sis of variance
. A p value < 0.05 was considered significant .
Results
Time course of the effect of aeetylcholine in control sub-
jects . Figure 1 shows the time course of the changes in
coronary sinus blood flow, heart rate and mean arterial
pressure after acetylcholine injection (100 µg) into the left
coronary artery in 10 control subjects . Coronary sinus blood
flow, which was 80 ± 24 mllmin at baseline, increased and
reached a peak (156 ± 35 ml/min, p < 0.001 vs. baseline)
I min after the injection and then returned to the baseline .
1 429
Heart rate transiently decreased during acetylcholine injec-
tion in some patients but returned to the baseline value
immediately after the injection. Both heart rate and mean
arterial pressure measured at 1-min intervals after acetylcho-
line injection remained unchanged. The lumen diameter of
the left anterior descending and left circumflex arteries
decreased after acetylcholine injection by I1 a 6% (p < 0 .01)
and 10 '- 13% (p < 0 .05), respectively .
Coronary Spasm Induced by Acetylcholine in
Patients With Variant Angina
Of the 57 patients with variant angina, acetylcholine
induced coronary spasm in the left anterior descending
artery or in its branch in 40, in the left circumflex artery in 7
and in both of these arteries simultaneously in the remaining
10. The patients were classified into two groups : 10 patients
with multivessel coronary spasm and 47 patients with single-
vessel spasm.
Multivessel spasm group (Table 1). Total occlusion was
simultaneously induced at the origin of the left anterior
descending and left circumflex arteries in three patients. In
the remaining seven patients, total occlusion or subtotal
occlusion (defined as focal occlusion with a filling delay of
the contrast medium) of the left anterior descending artery
(five patients) or severe constriction of the left anterior
descending artery with concomitant total occlusion of the
diagonal branch (two patients) was induced with concomi-
tant total or subtotal occlusion of the circumflex artery orthe
obtuse marginal artery .
Single-vessel sposm group (Table 2). Total or subtotal
occlusion was induced in the left anterior descending artery
in 26 patients, in the diagonal branch in 5 and in the
circumflex artery in 7 . Sever, diffuse constriction of the left
anterior descending after ; with a diameter reduction of 80 ±
7% from baseline was induced in the remaining nine patients .
In the 40 patients with spasm in the left anterior descending
artery or in its branch, a moderate degree of vasoconstric-
tion with a diameter reduction of 36 ± 19% from baseline
was induced in the left circumflex artery (nonspasm artery)
after acetylcholine injection . In the seven patients with
spasm in the left circumflex artery, vasoconstriction with a
diameter reduction of 41 ± 19% from baseline was induced
in the left anterior descending artery (nonspasm artery) after
acetylcholine injection
. The diameter changes of these non-
spasm arteries after acetylcholine injection were both signif-
icantly greater than those seen in control subjects (p < 0 .001
for the left circumflex artery and p < 0.005 for the left
anterior descending artery).
One or more significant stenotic lesions were present in
the left coronary artery in I patient with multivessel spasm
and in 12 with single-vessel spasm . The dose of acetylcholine
used to induce coronary spasm is shown in Tables 1 and 2 for
each patient .
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Figure 2. Changes in coronary sinus blood flow after injection of
acetylcholine (ACh) in 57 patients with variant angina . Acetylcho-
line injection resulted in coronary spasm in the left coronary artery .
Coronary and Systemic Hemodynamics During
Induced Spasm (Table 3)
For all 57 patients with variant angina, mean coronary
sinus blood flow, which was 89 ± 38 ml/min at baseline,
significantly increased to 104 .t 61 ml/min (p < 0.01) 1 min
after acetylcholine injection, which resulted in the induction
of spasm (Fig. 2). Coronary vascular resistance and heart
rate remained unchanged. Systolic arterial pressure and
rate-pressure product decreased significantly after acetyl-
choline (p < 0
.01 and p < 0.05, respectively) . Myocardial
lactate extraction ratio decreased significantly after acetyl-
choline (p < 0.01) .
Single-vessel versus multivessel spasm. The changes in
coronary and systemic hemodynamics were analyzed for
each group (Table 3). In the multivessel spasm group,
coronary sinus blood flow decreased in all patients
. Mean
coronary sinus blood flow, which was 84 ± 21 ml/min at
baseline, decreased significantly to 52 5 26 mImin after
acetylcholine injection (p < 0.01) (Fig. 3). In the single-
vessel spasm group, mean coronary sinus blood flow, which
was 90 ± 41 mI/min at baseline, increased significantly to 115
61 ml/min after acetylcholine (p < 0 .01)
. The patients in
this group were classified according to the spasm site : in the
40 patients with spasm in the left anterior descending artery
or in its branch, coronary sinus blood flow increased from 94
43 to 117 ± 66 ml/min (p < 0.01) after acetylcholine ; in the
7 patients with spasm in the circumflex artery, it increased
from 70 ± 6 to 108 ± 22 ml/min (p < 0 .01) after acetylcholine
(Fig . 4). Percent changes in coronary sinus blood flow after
acetylcholine were compared among control patients and
patients in the multivessel and single-vessel spasm groups
(Fig. 5) . There were significant differences among the
changes in all three groups (all p < 0 .001).
Coronary vascular resistance. This variable increased in
all but one patient in the multivessel spasm group (p < 0.01) .
In contrast, it decreased significantly in the single-vessel
spasm group (p < 0 .01): in the 40 patients with spasm in the
JACC Vol . 19. No. 7
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Figure 3 . Top,
Left coronary arteriograms
taken before (left) and after (right) injection of
20 µg of acetylcholine in Patient 6 with mul-
tivessel coronary spasm, Total occlusion was
induced in the left anterior descending artery
(large arrow) and obtuse marginal artery
(small arrow)
. Bottom, Electrocardiographic
leads 11 and V,, aortic pressure [An-P) and
coronary sinus blood flow (CSBF) recorded at
baseline (A) and I min after injection of ace.
tylcholine (B) in the same patient. After injec-
tion of acetylcholine
. mean coronary sinus
blood flow decreased from 58 to 24 ml/min
.
Marked ST segment elevation in lead V, was
noted just before arteriography (CI.
left anterior descending artery or its branch, coronary vas-
cular resistance decreased from 1,344 *- 542 to 1
.162
555 mm Hg • min per liter (p < 0.01) after acetylcholine
injection ; in the other 7 patients with spasm in the circumflex
artery, it decreased from 1,396 ± 133 to 882 ± 148 mm Hg
min per liter (p < 0 .01) after acetylcholine. Percent changes
in coronary vascular resistance after acetylcholine in control
subjects and in the two patient groups with variant angina
were compared (Fig. 5) . The change in the multivessel spasm
group was significantly different from that in the single-
vessel spasm group and in control patients (both p < 0 .001) .
There was no statistical difference between the change in the
single-vessel spasm group and that in control patients .
Heart rate and blood pressure . Heart rate did not change
after acetylcholine injection in either group . Systolic blood
pressure decreased significantly in the multivessel spasm
group (p < 0.01) but not in the single-vessel spasm group
during acetylcholine-induced spasm . The rate-pressure
product tended to decrease after acetylcholine in the multi-
vessel spasm group, but the change was not significant . It did
not change after acetylcholine in the single-vessel spasm
group . Myocardial lactate extraction ratio decreased signif-
icantly during acetylcholine-induced spasm in both groups
(p < 0
.05 and p < 0.01 . respectively) .
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Discussion
Coronary effects of acetykholine. Acetylcholine is an
endothelium-dependent vasodilator (19) as well as a potent
vasoconstrictor (20) . Previous experimental studies (21-23)
have shown that acetylcholine causes vasodilation in vessels
with intact endothelium and that this vasodilative effect is
abolished in vessels with impaired endothelium or with
atherosclerotic changes. We have recently shown (24) that
acetylcholine dilates the angiographically normal coronary
artery in young humans, whereas it constricts both the
angiographically normal human coronary artery in middle-
aged humans and the atherosclerotic coronary artery in
patients of all ages ; these findings suggest that the effect of
acetylcholine on the large epieardial c±ronary artery varies
with the condition of the vascular endothelium (25,26) .
It is also true that both experimental (27-29) and clinical
studies (12-15) have shown that acetylcholine causes vase ,
dilation in the coronary resistance vessels and increases the
coronary blood flow . presumably through the release of
endothelium-derived relaxing factor. The present study
again demonstrated a transient and significant increase in
coronary sinus blood flow after acetylcholine injection in
control subjects without any significant changes in systemic
1432
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hemodynamics
. indicating acetylcholine-induced vasodi)a-
tion at the level of the coronary resistance vessels .
Effects of acetylcholine on the conductance and resistance
vessels in patients with variant angina . This study showed
that intracoronary injection of acetylcholine induced spasm
in the left coronary artery that was associated wit,, signs of
myocardial ischemia . including chest pain, ischemic ECG
changes and myocardial lactate production in all of the
patients with variant angina . Acetylcholine also induced a
moderate degree of vasoconstriction in the "nonspasm"
arteries of these patients . The large epicardial coronary
artery of the patients with variant angina thus seems to have
impaired vascular endothelium or a hyperreactivity to the
vasoconstrictive effect of acetylcholine (10,11) . The re-
sponse of the "nonspasm" artery to constrictive stimuli is a
matter of controversy (30) : its constrictor response to er-
gonovine was shown to be similar to (31) or greater than (32)
that in control subjects.
The most important finding of the present study was the
significant increase in coronary sinus blood flow after ace-
tylcholine injection despite the induction of spasm in the left
coronary artery . The coronary sinus mainly drains the blood
flow from the left coronary artery (33). and thus the increase
Figure 5. Percent changes in coronary sinus blood flow (CSBF) and
coronary vascular resistance (CVR) after injection of acetylcholine
in 10
control subjects and in 57 patients with variant angina
(multivessel spasm. n = 10: single-vessel spasm, n = 47) . See text
for discussion .
m
a
so
CSBF
CVR
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Figure 4. Top, Left coronary arteriogmms
taken before (left) and after (right) injec-
tion of 20 µg of acety)choline in Patient 33
with single-vessel spasm. Total occlusion
was induced in the midponion of the left
anterior descending artery (arrow). Bot-
tom, Electrocardiographic leads 11 and V a,
auntie pressure (AnP) and coronary sinus
blood flow (CSBF) recorded at baseline
(A) and I min after injection of acetylcho-
line (B) in the same patient . After injection
of acetylcholine, mean coronary sinus
blood flow increased from 55 to 88 ml/min.
ST segment elevation in lead VJ was noted
just before arteriogmphy (CI
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in coronary sinus blood flow indicates an increase in left
coronary artery flow. Because the rate-pressure product did
not increase after acetylcholine injection but instead de-
creased, a primary vasodilation at the level of the coronary
resistance vessels was induced by acetylcholine in the left
coronary artery, presumably through the release of endo-
thelium-derived relaxing factor. Thus . muscarinic receptor-
mediated dilator response seems to be preserved in the
vascular endothelium of the coronary resistance vessels .
even in patients with variant angina .
How did acetylcholine increase coronary sinus blond flow
while causing spasm in the epicardial coronary artery?
Coronary sinus blood
flow was not measured simultaneously
with angiographic documentation of spasm but preceded it.
Thus, it is possible that the vasodilative effect of acetylcho-
line on the coronary resistance vessels appeared before its
constrictive effect on the epicardial conductance vessel :
however, a significant reduction of coronary sinus blood
flow was noted in the patients with multivessel spasm .
Therefore, it is more likely that the constrictive effect of
acetylcholine on the epicardial coronary artery was mani-
fested almost simultaneously with its dilative effect on the
resistance vessels. This does not imply that the coronary
blood flow through the spastic artery increased after acetyl-
choline injection; rather, that the coronary blood flow
through the "nonspasm" arteries increased, although vaso-
constriction was also induced in these vessels. It has been
reported that the maximal coronary flow response is main-
tained unless the lumen diameter of an epicardial coronary
artery is reduced by >45% (34).
Singk-vessel versus multivessel spasm . As clearly shown
by the difference in the response to acetylcholine between
the multivessel and single-vessel spasm groups, the outcome
of the effect of acetylcholine on coronary sinus blood flow
was largely related to the extent of myocardial ischamia
induced . Thus, in the patients with a large ischemic region
due to multivessel coronary spasm, the reduction in the
coronary blood flow through the arteries with spasm was
greater than the increase in the flow through the arteries
without spasm, so that coronary sinus blood flow decreased .
In contrast, in the patients with a relatively small ischemic
region induced, the increase in blood flow through the
nonspasm artery surpassed the reduction in the flow through
the spastic artery, so that coronary sinus blood flow in-
creased after acetylcholine injection. This was recognized in
the majority of patients in the single-vessel spasm group ;
however, the increase in coronary sinus blood flow in this
group was significantly less than that in control patients . It
was unclear from the present study whether the vasodilator
response to acetylcholine of the resistance vessels also
occurred in the artery with spasm .
Ergonovine-induced spasm of the left coronary artery
causes a decrease in both coronary sinus blood flow and
great cardiac vein flow irrespective of the site and severity of
spasm (9), findings that suggest an
absence of vasodilative
effect of the drug on the coronary resistance vessels . A
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recent clinical study 115) showed that the response of coro-
nary vascular resistance to acetylcholine infusion was simi-
lar in normal control patients and patients with coronary
artery disease but was significantly reduced in patients with
hypercholcstcrolemia
. In the present study most of the
patients with variant angina had a normal serum cholesterol
level .
Clinical implications . Variant angina is caused by the
absolute reduction in the regional myocardial blood flow due
to spasm of an epicardial coronary artery
(1 .2). Coronary
sinus blood flow and oxygen saturation in the coronary sinus
have been demonstrated to decrease before a spontaneous
ischemic attack in patients with variant angina (3.4). As
clearly shown in this study, the coronary blood flow in the
total heart is r ,i necessarily reduced when acetylcholine is
used as a provocative agent for coronary spasm . Because the
coronary vascular resistance decreases in the branches other
than the artery with spasm during acetylcholine-induced
spasm, a coronary steal to nonischemic regions is likely to
develop 135) . resulting in more severe myocardial ischemia
when spasm is induced by acetylcholine .
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